A study of the inhibition of mouse cellular DNA polymerases by polynucleotides and their vinyl analogs is presented. Poly(dT)-directed poly(dA) synthesis by representatives of all three classes of cellular DNA polymerase could be completely inhibited by poly(9-vinyladenine), although higher concentrations were required in the case of the gamma class enzyme. Studies on the mechanism of the inhibition using the alpha class DNA polymerase and different templates showed that the enzyme activity was inhibited in all cases where base-pairing between the vinyl polymer and the template occurred; poly(9-vinyladenine) did not interfere with the replication of templates to which it does not bind. The inhibition occurred shortly after addition of poly(9-vinyladenine) to ongoing reactions, yet the enzyme was not displaced from the template -primer complex.
INTRODUCTION
However, it has been suggested that they may serve as organizer or "melting-out" regions that promote structural changes in DNA during transcription and replication .
In a prokaryotic system, the results of Barll and Kuhinaki suggest that dA-dT clusters may be involved in the initiation of DNA synthesis. Further, the template-primer specificity of a mouse alpha class DNA polymerase has Preparation of Polymer Solutions. Except for poly(7-vinyltheophylline), poly(vTf), the polymers were dissolved in water, and concentrations were adjusted using the extinction coefficients as described and the following: for 1 mg/ml solutions at pH 7 in a 1 cm light path -poly(l-vinyluracil) 43 at 264 nm; poly(9-vinyladenine), 53 at 254 nm. Poly(vTf) was weighed and dissolved in enough 10% sodium benzoate to give the appropriate concentration.
RESULTS
Inhibition of Mouse DNA Polymerases • All three of the main mouse cellular DNA polymerases can replicate poly(dT) with oligo(rA) as the primer, and the effects of some possible macromolecular inhibitors upon this t>pe of replication were examined. We found that poly(vA), a polynucleotide analogue that binds to poly(dT), is a potent inhibitor of the activity of all three DNA polymerases. This is illustrated by the experiment shown in Fig. 1 . The alpha class DNA polymerase was inhibited more effectively than the beta and gamma class polymerases, and about four times higher concentration of poly(vA) was necessary for 50% inhibition of the gamma class enzyme than for the alpha class enzyme. Nevertheless, it was possible to achieve a full inhibition as with the other two enzymes. it is important to note that poly(vA) does not interfere with [ H] dGMP incorporation in this system (see Table II ). When poly(dT)'Oligo(rA) and un- Table II and under Methods. 5 ul aliquots were withdrawn at the times indicated and assayed for their content of acid insoluble radioactivity. Activity in a reaction that also contained 0.1 mM dATP and 40 jig/ml oligo(rA) is shown by closed symbols (•-•), and in a reaction also containing these compounds plus 80 ug/ml poly(dT) by the open symbols (a -t ). Poly(vA) was added to a final concentration of 100 ug/ml as indicated. Activity in reactions with poly(dC)-poly(dI), [3H]dGTP alone was very similar to that shown by the closed symbols.
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radioactive dATP were added to this system, the amount of [ H] dGMP incorporated was reduced several fold. This competition effect was not observed when poly(dT) was omitted from the reaction. As may be seen in Figure 3 , when poly(vA) was added to the reaction containing the complete poly(dT) replication system, no increase in the amount of [ HjdGMP incorporation was observed (Fig. 3 ) .
Thus, active enzyme was not displaced from the poly(dT)-oligo(rA) complex by poly(vA). This is the result expected if poly(vA) blocked the enzyme movement involved in elongation, without changing the binding equilibrium between the enzyme and the template-primer complex. 
DISCUSSION
Poly(vA) apparently fulfills requirements for a template specific inhibitor of DNA polymerase; the present results point to the binding of poly(vA) to a template as the main mechanism of inhibition. In this process, it appears that the polymerase, already in binding equilibrium with the template, is stopped immediately in its elongation reaction, but is not displaced from the template. The firmness of the block in polymerase elongation is probably the consequence of poly(vA) structure; the polymer is electroneutral and thus can accumulate around a polyanionic template; furthermore, the short inter-base distances of vinyl polymer leaves some adenlne residues unpaired and thus free to form additional bonds. It is probable that other electroneutral polymeric analogs * of poly(rA) also may exert similar effects on DNA polymerase activity.
For the effective use of polymeric inhibitors in cellular systems, the pecularities of the transport of macromolecules must be appreciated. Macromolecules are transported actively across the cellular membrane by pinocytosis and phagocytosis in rather non-specific ways, and very large molecular size 22 is not necessarily an obstacle in these processes . Transport of foreign macromolecules across the nuclear membrane is, on the other hand, size dependent and smaller size macromolecules (15-35 A ) may be required to assure an effective penetration . Thus, by change in molecular size of polymeric inhibitor either cytoplasmic processes alone, or both the cytoplasmic and nuclear processes may be influenced. Consequently rigorous use of polymeric inhibitors in living cells should be accompanied by measurements of the level of penetration of the inhibitor.
